Abstract In this research, MWCNT-ZnO hybrid nanomaterials were synthesized by a simple sol-gel process using Zn(CH 3 COO) 2 Á2H 2 O and functionalized MWCNT with carboxyl(COOH) and hydroxyl(OH) groups. Three different mass ratios of MWCNT:ZnO = 3:1, 1:1 and 1:3 were examined. The prepared nanomaterials were characterized by field emission scanning electron microscopy (FESEM), transmission electron microscopy (TEM), X-ray diffraction (XRD), energy dispersive X-ray spectroscopy (EDX) and Fourier transform infrared spectroscopy (FTIR). Successful growth of MWCNT-ZnO hybrids for both COOH and OH functional groups and all the three mass ratios were obtained. The ZnO nanoparticles attached on the surfaces of CNTs have rather spherical shapes and hexagonal crystal structure. By increasing the concentration of ZnO, the number and average size of ZnO nanoparticles decorated the body of CNTs in hybrid structures increase. By increasing the ZnO precursor, the distribution of ZnO nanoparticles that appeared on the surface of CNTs becomes more uniform. The SEM observation beside EDX analysis revealed that at the same concentration ratio the amount of ZnO loading on the surface of MWCNT-COOH is more than MWCNT-OH. Moreover, the average size of ZnO nanoparticles attached on the surface of COOH functionalized CNTs is relatively smaller than that of OH functionalized ones.
Introduction
Because of their unique physical and chemical properties, carbon nanotubes (CNTs) are considered to be excellent candidates for many potential applications such as nanocomposite materials, nanoelectronics, catalysis and sensors [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Due to their great hardness and toughness, multiwall CNTs (MWCNTs) keep their morphology and structure even at high nanoparticle loadings [11] . It has been indicated that the CNTs' properties can be dramatically influenced by the surface modification with organic, inorganic and biological species [12] [13] [14] . Many metal oxides and sulfides such as TiO 2 , Cu 2 O, Al 2 O 3 , Co 3 O 4 , MgO, Fe x O y , ZnS and CdS have been used to modify the CNTs [12] [13] [14] [15] . Zink oxide is a semiconductor material with an energy gap of 3.37 eV and a large exciton binding energy (60 meV) at room temperature [16] [17] [18] [19] . ZnO has remarkable physical and chemical properties including nontoxic nature, low cost, high optical activity and stability, high sensitivity of UV-Vis light and high thermal and mechanical stability at room temperature [12, 13, 16, 17, 20, 21] . These properties revealed that the ZnO is a useful material in electronics, optics, photonics, room temperature UV lasers, light emitting diodes and sensors [10-13, 20, 22] . Also it is applicable in photocatalytic degradation of organic pollutants under UV-Vis light [9, 20, 23] .
MWCNT-ZnO hybrids have unique properties different from alone CNT and ZnO [9, 12] . CNTs are good electron acceptors and ZnO is a good electron donor under UV illumination. MWCNTs act as photogenerated electron acceptors to promote interfacial electron transfer process from the attached ZnO to CNTs. Thus, the recombination of photo induced electron and hole would be retarded. This process enhances the photocatalytic activity of CNT-ZnO hybrid nanostructures [11] . Chen et al. synthesized ZnO nanoparticles decorated MWCNTs nanocomposite by a sol-gel method and observed that by increasing the calcination temperature from 450 to 700°C the sizes of ZnO nanoparticles increase and the layer of coated ZnO becomes discontinuous [13] . Wang et al. conducted a report on covalent attachment of ZnO nanostructures to MWCNTs through C-N bonds. Two different morphologies of nanohybrids; flower-like ZnO on the tips of MWCNTs and ZnO nanoparticles on the surface of MWCNTs were obtained via adjusting the reaction time [12] . Yang et al. utilized an ex situ chemical preparation of CNTZnO nanohybrids and observed that addition of a cationic surfactant (cetyltrimethylammonium bromide; CTAB) prevents the agglomeration of ZnO nanoparticles and results in uniform distribution of ZnO nanoparticles decorated on CNTs' surfaces [10] . Our present work aims to grow the valuable CNT-ZnO nanostructures by a simple sol-gel method. Furthermore the effect of precursor concentration ratio and type of CNTs' functional group on synthesis of this nanostructure was investigated. Although CNT-ZnO nanohybrids were successfully synthesized by various methods, further exploration is still motivated [10] [11] [12] [13] 15 and references there in]. The structure and morphology of CNT-ZnO hybrids are very sensitive to experimental parameters especially by sol-gel process [10] [11] [12] [13] 15 and references there in, 24]. Based on our literature review the effect of functional group of CNTs on CNT-ZnO hybrid formation was not or less investigated. In this study, we report the appearance of almost perfectly spherical ZnO nanoparticles attached to the surfaces of CNTs in restricted positions which was less observed. Dependence of the size, abundance, and distribution of ZnO particles on CNT:ZnO mass ratio was clearly evidenced.
Materials and method
In order to synthesize MWCNT-ZnO hybrid, a simple sol-gel process was applied which is similar to the route explained in Zhu et al. report [11] . Figure 1 shows O was dissolved in 75 ml DEG and then 3 ml deionized water was added to the solution. The solution was stirred at 160-180°C for 5 min and kept at room temperature for 2 h to obtain ZnO sol. Subsequently, certain amount of functional MWCNTs was added to the ZnO sol and sonicated for 30 min (the mass of MWCNTs were 0.36, 0.12 and 0.04 to obtain the mass ratio of MWCNTs:ZnO = 3:1, 1:1, 1:3, respectively). After that the solution was stirred at 160-180°C for 1.5 h and then cooled down to the room temperature. Finally, the solution was centrifuged and washed with dionized water and absolute ethanol and dried in an oven at temperature of 60°C for 48 h.
The obtained powder (MWCNT-ZnO hybrid) was characterized by field emission scanning electron microscopy (FESEM, Mira 3-XMU), X-ray diffraction (XRD, PW17C PHILIPS), energy dispersive X-ray spectroscopy (EDX analyzer attached to FESEM apparatus) and Fourier transform infrared spectroscopy (FTIR, BRUKER).
Results and discussion X-ray diffraction (XRD)
In order to determine the phase and structure of the synthesized nanohybrids XRD analysis was performed. (103) and (112) crystal plates of ZnO with hexagonal structure, respectively [9, 11, 20] . The appearance of these peaks confirms that ZnO crystallites are formed in hybrid samples. The peaks at 2h = 26°and 44°are attributed to the graphite structure of MWCNTs [9, 11, 20] . Between zinc oxide's peaks, the three most intense peaks are related to (100), (002) and (101) crystal plates as observed elsewhere [13, 21] . The peak intensities of the CNT and ZnO are different in various samples depended to the concentration ratio of carbon nanotubes and zinc oxide. It can be seen that with increasing the concentration of ZnO precursor, the intensity of the CNTs' peaks (especially at 26°) dramatically decreases and the peaks of ZnO become stronger. Thus, we can conclude that with increasing the amount of ZnO precursor, more ZnO nanoparticles cover the CNTs' surfaces. 
Fourier transform infrared spectroscopy (FTIR)
Fourier transform infrared spectroscopy was performed to understand further the formation of MWCNT-ZnO nanohybrid and the surface chemistry of prepared nanostructures. Figures 4 and 5 show the FTIR spectrum of the raw MWCNT-COOH, MWCNT-OH and typical hybrid samples with concentration ratio of MWCNT-ZnO = 1:3 in the range of 4000-400 cm -1 wave number. In the high frequency region, the absorption peaks at about 3440 cm (which are appeared in hybrid samples and are absent in the raw functional CNT spectrums) are related to the Zn-O and Zn-C bonds on the surface of the CNTs. These peaks support the fact that ZnO nanoparticles are synthesized and attached to the surfaces of CNTs [9, 11, 25] .
Scanning electron microscopy (SEM) Figure 6 shows the FESEM images of the initial MWCNT-COOH and MWCNT-COOH-ZnO hybrid nanomaterials. Figure 6a shows the filamentous and smooth morphology of initial carboxyl MWCNTs. For hybrid samples (Fig. 6b,  c, d ) sphere-like nanoparticles on the matrix of CNTs are appeared. Further characterization revealed that these rather spherical particles are ZnO nanoparticles. Thus, the simple sol-gel process resulted in successful growth of CNT-ZnO hybrids. Furthermore, it can be seen that with increasing the concentration ratio of ZnO precursor to CNT, the number and sizes of attached ZnO nanoparticles on the surface of the MWCNTs are increased. 
Energy dispersive X-ray spectroscopy (EDX)
For further comparison between COOH and OH functionalized CNT-ZnO hybrids, EDX analysis was performed. Moreover in comparison between the two functional groups, the amount of ZnO material loaded on the surface of CNTs with COOH functional group is relatively more than that of OH functionalized CNTs.
Transmission electron microscopy (TEM) Figure 11 shows the TEM images of MWCNT-COOHZnO hybrid samples. The dark rather spherical morphologies exhibit ZnO nanospheres. As indicated by these images, the spherical ZnO nanoparticles are attached on the tips or side-walls of CNTs. Unattached separated or isolated ZnO nanospheres were not observed. This observation provides a direct and strong evidence of successful formation of MWCNT-ZnO nanohybrid. By increasing the mass ratio of ZnO precursor to CNTs more and larger ZnO nanoprticles appeared. In this study the process used to prepare zinc oxide nanoparticles and subsequent hybrid materials is a polyol process [24, [26] [27] [28] [29] . The polyol synthesis designates the liquid-phase synthesis in high-boiling, multivalent alcohols and is mainly directed to nanoparticles. Chemically, the polyol family starts with ethylene glycol (EG) as its simplest representative. Based on EG, the polyols comprise two main series of molecules: (1) diethylene glycol (DEG), triethylene glycol (TrEG), tetraethylene glycol (TEG), and so on up to polyethylene glycol (PEG), with the latter containing more than 2000 ethylene groups, (2) propanediol (PDO), butanediol (BD), pentanediol (PD), and so on. Moreover, glycerol (GLY), pentaerythritol (PE), and carbohydrates chemically belong to the polyols [24, 26] . In a typical polyol process, the solid precursor is suspended in the liquid polyol, and then the solution or the suspension is stirred and heated to a given temperature which can reach the boiling point of the polyol. Polyol is an excellent capping reagent as well as a good dispersive medium, which plays a critical role in the nucleation and growth of the crystalline nanoparticles. For the polyol-mediated synthesis of metal oxides a defined amount of water has to be added into the polyol and the relative concentration of water versus the metal concentration, i.e., the hydrolysis ratio, is a critical parameter to tune the size of the nanoparticles obtained through spontaneous nucleation [26] . The growth mechanism of ZnO coating on the surface of MWCNTs is purposed as follow [27] .
The pyrolysis temperature of zinc acetate is about 350°C, while the maximum reaction temperature of this study is 180°C. Thus, the formation of ZnO sol is not through pyrolysis but rather hydrolysis process according to the Eq. (1):
After the hydrolysis of zinc acetate, ZnO crystal nuclei are first formed directly, followed by growing up gradually. Since DEG in the system can react with acetic acid, it speeds up the reaction in Eq. (1). Moreover, the presence of DEG is used as a solvent to raise the viscosity of the solution, which causes the crystallization rate to slow down. Therefore, the system has enough time to form many crystal nuclei and to grow ZnO crystals at high temperatures.
On the other hand, electrical double layers composed of Zn 2? on the surface of ZnO sol particles and acetate anions surrounded these particles [27] provide positive charges and repulsive interactions which stabilize the colloidal sol. Because of the presence of hydroxyl and carboxyl functional groups, the MWCNTs become negatively charged; so the ZnO nanoparticles attach to the MWCNT surfaces by electrostatic attractions [28, 29] .
Conclusions
A simple sol-gel method was used to synthesis the MWCNT-ZnO hybrid nanosrtuctures. Two type of functional MWCNT with COOH and OH functional groups and three concentration ratio of MWCNT:ZnO = 3:1, 1:1 and 1:3 were examined. The appearance of Zn-O and Zn-C vibration modes in FTIR spectrum of hybrid samples revealed the formation of ZnO nanoparticles and attachment of these particles to the surfaces of CNTs. The XRD patterns of hybrid samples support the fact that the ZnO nanoparticles with hexagonal crystal structure decorated the body of CNTs. The SEM observation showed that the ZnO nanoparticles have rather spherical shapes. It was observed that with increasing the concentration of ZnO precursor, the size and number of ZnO nanoparticles which cover the surfaces of CNTs (for both functional groups) were increased. 
